versa. hr following the serum shock ( Figure 1D ). These data fit poorly to a cosine curve (r ϭ 0. ( Figures 3A and 3D) . We conclude that humoral signals the same wt tissues (compare Figures 1A and 1B) . Finally, an SCN lacking Per1 is still able to generate hupresent in the host can indeed initiate and maintain circadian oscillations in unstimulated MEFs and can moral signals capable of imposing a near normal periodicity on a genetically defective peripheral clock. The thus compensate for the Per1 genetic defect in the implanted peripheral clock. ability of the SCN to impart its periodicity on a peripheral clock, which intrinsically would have a 20 hr period, is A similar experiment was performed using Per1
Disruption of
Ϫ/Ϫ
MEF-collagen implants introduced into Per1
Ϫ/Ϫ mice a striking example of hierarchical dominance within the mammalian circadian system. ( Figure 3B ). Again, robust Per2 oscillations were observed in the kidney and skeletal muscle of the Per1 Ϫ/Ϫ Lastly, the implantation experiment was varied by introducing Clock c/c MEFs into a Per1 ϩ/ϩ host ( Figure 3C ). mice. The period of these oscillations is approximately 24 hr, as expected from the mild circadian phenotype of Although the host tissues display the expected rhythmicity of Per2 expression, there is no overt 24 hr periodthis mutation ( Figure 3D ). Importantly, Per2 expression again oscillates in the Per1 Ϫ/Ϫ MEF-collagen implants icity in the implant. Clearly, a robustly functioning clock is essential if the implant is to exhibit rhythmic Per2 with a periodicity and phase identical to that of the host.
These results establish that Per1 has profoundly difexpression. This in turn suggests that the Per2 rhythmicity observed in the Per1 Ϫ/Ϫ MEF implants is not simferent circadian functions depending on where it is expressed. In the SCN of our Per1
Ϫ/Ϫ mouse model, it is clear ply driven but entrained by the SCN. Thus, the interaction between implant and host is more subtle than a that Per1 does not play a critical role in light-dependent signaling and entrainment. These Per1 Ϫ/Ϫ mice readily direct causal link between timing cues originating from a central pacemaker and their target. The timing cues entrain to an LD cycle and respond normally to phaseshifting light pulses given during the night phase (Cerdo exist but must be interpreted by the implants' own clock in order to act as a Zeitgeber. makian et al., 2001 ). In addition, Per1 plays only a minor role in central clock function and timing, as evidenced
We conclude from these observations that Per1 is not an integral part of the core oscillatory machinery in by the almost normal locomotor rhythm of the Per1 Figure 5A ). The period of the implant is difficult to ment also indicates that the implantation procedure by itself is not sufficient to initiate rhythmicity in an implant. determine, presumably due to the fact that feeding is a poor Zeitgeber for MEFs, as it is for the muscle. HowImplant Integrity A potential caveat to the results described above is ever, if the implant were not entrained by the feeding regime, it would be unlikely to display a prominent maxithe possibility that host cells could infiltrate the MEFcollagen implant, resulting in misleading results. Howmum at the same time as other tissues. Thus, uncoupling of the implant clock from the SCN did not unmask the ever, at the time points used for the experiments presented in this study, no gross infiltration of the implant by phenotype observed in cell culture. Instead, food restriction to daytime actively entrains the clock intrinsic to surrounding host tissues was observed by macroscopic examination. To completely rule out this potential probthe MEFs. Figure 7A ). Once entrained to environmental light cycles, the SCN acts as a robust self-sustained oscillator subjected to a daytime restricted feeding regime ( Figure  5 ). As noted previously, different tissues have different that resets or synchronizes peripheral clocks so that their oscillations will be in phase with the environment degrees of susceptibility to food. Liver, as one might 
